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This paper explores the reduction of food insecurity in Bolivia, adopting a supply side approach that analyzes the role of agricultural spending on vulnerability. Vulnerability to food insecurity is captured by a municipal level composite--developed locally within the framework of World Food Program food security analysis--that combines welfare outcomes, weather conditions and agricultural potential for all 327 municipalities in 2003, 2006 and 2007 . Our econometric results indicate that levels of public agricultural spending are positively associated with high or very high vulnerability. The authors interpret this to indicate that agricultural spending allocation decisions This paper is a product of the Poverty Reduction and Equity Unit, Poverty Reduction and Economic Management Network; and the Agriculture and Rural Development Unit of the Sustainable Development Department in the Latin America and Caribbean Region. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The authors may be contacted at jcuesta@worldbank.org and sedmeades@worldbank.org. are driven by high or very high vulnerability levels. In other words, more agricultural spending appears to be destined to where it is more needed in line with previous findings in other sectors in Bolivia. This is confirmed through a number of specifications, including contemporaneous and lagged relationships between spending and vulnerability. They also find evidence of public spending on infrastructure and research and extension services having a significant (but very small) effect towards reducing high vulnerability. This indicates the importance of the composition of public agricultural spending in shaping its relationship with vulnerability to food insecurity.
Introduction
The recent food price crisis has contributed to a shift in many developing countries, including Bolivia, toward food security as a key policy objective. Even prior to the international food price crisis of 2008, Bolivia had brought food security and sovereignty to the center stage of its development agenda, defined in the National Development Plan 2006-2010. The food price crisis and recurrent climate change phenomena are adversely affecting the country and have created a sense of urgency in better understanding and addressing food security. Food security and sovereignty feature prominently in the Government Plan 2010-2015 and are key elements of several government programs currently under implementation.
Food security is a complex phenomenon involving multiple factors. In Bolivia, declining food security could be the result of a number of trends: 2 (i) reduced cultivated land area and increased land fragmentation; (ii) strengthening export-oriented agriculture by large-scale producers; (iii) increased food imports and dependence on international markets; (iv) growing urbanization and movement of labor away from rural areas; (v) dietary changes from traditional foodstuffs like potato to manufactured agricultural products; and (vi) environmental shocks such as droughts and floods. These trends are accentuated by structural factors, such as the rigid geography of the country and limited road coverage, which inhibit domestic market integration.
Considering the multiple factors affecting an individual's ability to easily access food that adequately satisfies their needs-the widely accepted definition of food security 3 -a single, -silver bullet‖ policy for addressing food insecurity is likely to have a limited impact. As a result, food security interventions in Bolivia, as in other countries, span several sectors. A rigorous attempt to assess the impact of the many different interventions would be a major undertaking requiring a great deal of data and analytical sophistication to encompass all programs and address counterfactual and endogeneity issues. This paper takes a supply-side approach by looking at the association of agricultural spending (broadly defined) and food security. Agricultural spending in Bolivia-totaling about 13 percent of GDP in 2008-captures a large portion of the public money being destined to food security, and as such is a good indicator of public interventions that aim at reducing vulnerability. However, it provides only a partial perspective on addressing food security, as spending in other sectors (health, education) is also important for reducing vulnerabilities. In any case, to the best of our knowledge, this is the first attempt to make inferences about the relationship between sectoral spending in agriculture and food security in Bolivia. 4 By showing linkages between public expenditure and a measure of vulnerability (Vulnerability Analysis and Mapping, or VAM), both defined at the municipal level, this paper is a first step to guiding policy recommendations on food security in the country.
The analysis generates several key findings: (i) public agricultural spending is associated with high levels of vulnerability, which may imply that resource allocation decisions in agriculture take into account food insecurity; (ii) incremental public spending in agriculture has a (statistically significant) impact towards reducing vulnerability, but in the short run this association is negligible in magnitude; (iii) the composition of public expenditure matters, as the effects of resource allocations in agriculture are not uniform across its categories; and (iv) there are important department specific effects across Bolivia.
Agriculture and Food Security in Bolivia
Agriculture plays an important role in the economy of Bolivia and it is one of the key components of the government's poverty reduction strategy, particularly in rural areas. The sector accounts for 13 percent of GDP or 27 percent if agribusiness is considered. Despite the decline in rural population (currently 33 percent of the total population), the sector employs almost 90 percent of the economically active people living in rural areas (World Bank, 2010b) . The vast majority of the rural population employed in agriculture is poor: 85 percent live in poverty and 75 percent in extreme poverty (UDAPE, 2006) .
Agriculture is a very spatially heterogeneous sector and its importance varies across regions. This reflects both the agro-ecological diversity of Bolivia as well as differences in the orientation of production. The traditional agricultural sector, with small units of production, is concentrated in the western highlands and valleys, and focuses on food production primarily destined for domestic markets. The sector's contribution to departmental economies in this region ranges between 4 percent and 9 percent of GDP, with a high level of non-agricultural income. On the other hand, the eastern lowlands are characterized by more intensive agricultural production and agribusiness, with a mixture of large and small producers, focusing primarily on export markets. In the lowlands, the contribution of agriculture (excluding agribusiness) to departmental GDP ranges between 16 percent and 32 percent, and the weight of agricultural income in total household income is very large (World Bank, 2010c) .
Despite the sector's potential, agricultural productivity in Bolivia is among the lowest in Latin America. Agricultural output growth has exhibited higher volatility due to adverse climatic pressures and lack of adequate mechanisms to respond to risk. Recurrent climate disasters related to the El Niño and La Niña phenomena affect the volume of agricultural production. Climate disasters explain around 5 percentage points of the 17 percent food price inflation rate observed in 2003, due to their effects on agricultural output (World Bank, 2010a) . Risk management interventions have been recent and led by the state. A state-owned enterprise, the Food Production Assistance Company (Empresa de Apoyo a la Producción de Alimentos-EMAPA), was created in 2007 to support food production by small and medium size producers through financing, intermediation of inputs and final products and access to machinery. A universal agricultural insurance policy, proposed by the Government Plan 2010-2015, is currently being designed as an incentive for agricultural production and food security.
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The agricultural sector strategy (Plan for a Rural, Agrarian and Forestry Revolution) identifies three main objectives: (i) attain food security and sovereignty; (ii) enhance the condition of rural populations by increasing agricultural and forest production; and (iii) assure the sustainable management of natural resources. The first objective spans several sectors, which makes sectorspecific impact assessments challenging. The second objective is a core agricultural sector objective and in Bolivia, as in other countries, public investment in the core public goods such as research and extension, and to a limited extent in irrigation, has been able to increase agricultural growth (Bolivia APER, 2011).
Interventions to address food insecurity in Bolivia are being undertaken within a broader political context and span different sectors (see Annex 1 for a complete list): (i) land redistribution; (ii) promotion of food production and exports by state-owned enterprises such as EMAPA, among others; (iii) food security programs, including support to communities and small producers based on traditional and indigenous technologies; and (iv) nutritional programs for children, pregnant women and mothers with lactating infants, and school meals, among others.
The current focus of the Rural Plan is on strengthening family agriculture and small agricultural units, including indigenous and other rural communities, with emphasis on productivity and food security. This is done through a myriad of programs implemented at the national, departmental and municipal levels under mandates of several ministries. Four of the ten programs currently implemented by the Ministry of Rural Development and Lands (Ministerio de Desarrollo Rural y Tierras-MDRyT) have food security provisions: (i) food security at the municipal level; (ii) creating rural food initiatives; (iii) organizing self-governing rural development; and (iv) state support for rural food enterprises. The Program for Support to Food Security (Programa de Apoyo a la Seguridad Alimentaria-PASA) became a de-concentrated entity of the MDRyT, and has a national mandate for food security. Although these programs represent a large portion of the public resources spent on food security, they do not capture the whole range of initiatives. They represent mostly the food production and distribution aspects of food security, with nutritional programs mostly covered under the mandates of other ministries.
To the best of our knowledge, there are no rigorous evaluations or assessments on the effectiveness of these programs. Previously, Faguet (2004) concluded that the 1994 decentralization reform increased investments in agriculture as well as several social sectors (education, water and sanitation -but not healthcare) and urban development. Furthermore, the observed increase in investments was unambiguously needs-based, with municipal malnutrition rates found a statistically significant factor driving the allocation of agricultural spending in the decentralized context. Unfortunately, the study has two important limitations: it does not provide any evidence on the effects of agricultural investments on malnutrition rates; and data refers to the period 1987 -1996 . Inchauste (2009 , looking at the effects of poor-poor spending (as categorized by the HIPC initiative) between 2000 and 2005, rejects a strong link between spending on education, healthcare and infrastructure and improvements in municipal welfare indicators. Unfortunately, the study does not consider any nutritional or food security related indicator and does not single out agricultural spending.
Vulnerability Analysis and Mapping (VAM)
VAM is a tool to identify the degree of food insecurity and vulnerability at the municipal level in Bolivia. It assigns a value from 1 to 5 to each municipality according to level of food insecurity and vulnerability, where 1= very low, 2 = low, 3 = medium, 4 = high, 5 = very high. The VAM is constructed with community-level data using principal component analysis. Among the components used for all three iterations are: urbanization rate, rural population density and its square, proportion of institutionally attended births, schooling years, log of per capita consumption, under-five malnutrition rate, altitude, rainfall and a flood propensity categorical variable (four values). Components used only in the 2003 VAM and not used in subsequent updates include: dependency rate, life expectancy, agricultural potential (a categorical four-point scale variable capturing soil capacity), forestry potential, road density, draught frequency, frost days per year, low weight at birth and per capita household food expenditures.
Although changes in VAM scores between 2003 and 2007 were not uniform, the average vulnerability status by department decreased over time, suggesting that, on average, municipalities within each department have reduced their vulnerability to food insecurity ( Figure  1 ). The exception is Cochabamba, the only department where average vulnerability to food insecurity increased over time. Tarija and the three llanos departments of Santa Cruz, Beni and Pando registered, on average, between moderate and low vulnerability in 2007. 7 5 Specifically, the methodology estimates each municipality's probability of pertaining to each one of these vulnerable categories, that is, five probabilities per municipality, and the largest of which determining the final vulnerability status the municipality is assigned to. Thus, if the estimated probability -conditioned to a number of controls-of a given municipality to pertain to VAM=5 is 85%, that municipality is said to have a very high vulnerability status to food insecurity. These probabilities are used below for the correlation analysis -see However, this reduction masks important variations in the vulnerability situation across municipalities. Evidence suggests that mobility across vulnerability levels is limited and asymmetric. Transition matrices ( 
Public Agricultural Expenditure in Bolivia
Public spending in agriculture (including rural development) has historically been low in Bolivia-13 percent of GDP in 2008. It has predominantly focused on resources for productive infrastructure (e.g. roads, irrigation, and rural electrification) and less so on agricultural innovation. In the last five years public agricultural spending both in nominal and real terms has increased markedly (Figure 3a ), as has rural development spending in general. The participation of sub-national governments in the allocation of public resources has also been more prominent in recent years ( Figure 3a ), both in terms of extended (agriculture and rural development) and restricted (just agriculture) spending ( Figure 3b ). Investment spending has dominated current spending for both extended and restricted agricultural spending, although relative weights are subject to sizeable yearly variations (Figures 3c and 3d ). The increasing trend of per capita agricultural public spending, however, is not uniform across departments ( Figure 4 ). This is partly due to transfer mechanisms currently in Bolivia. Central government transfers constitute almost the sole source of income for departmental governments and the largest source of income for municipal governments. The discretionary use of transfers is 9 more restrictive at the departmental level. Defined by a number of decrees, departmental transfer amounts are based on population formulas, and implicit prioritization of social and productive infrastructure is used for allocating transfer resources. The discretionary use of transfers is broader at the municipal level. See Inchauste (2009) for a more detailed discussion of the transfer allocation formula.
The public expenditure data used in this paper was derived from the Accounting Department of the Ministry of the Economy and Public Finance of Bolivia. Expenditure data in Bolivia is typically recorded by program and project, and aggregated at the national level. The expenditure data on agriculture and rural development was disaggregated by function (research, extension, irrigation, rural roads, etc.), economic classification (current and capital) and level of government (national, departmental and municipal) for a period of 13 years (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . This provides a rich panel for analysis within and across levels of government or categories of spending. Annex 2 presents the definitions of categories used in this analysis.
Analyzing the Effects of Agricultural Spending on VAM
A simple correlation of the municipal distributions of agricultural spending and probabilities of each category of vulnerability to food insecurity indicates that total per capita agricultural spending and vulnerability to food insecurity are only weakly correlated at the municipal level.
The correlation between per capita agricultural spending (in Bolivianos) and VAM is only 0.03 in 2007. The relationship between VAM scores across the 327 Bolivian municipalities and per capita total agricultural spending in 2007 in these municipalities is almost horizontal ( Figure 5 ).
Figure 5. Per Capita Agricultural Expenditure and Probability of Being in Each VAM Category
Source: Authors from World Bank (2010) APER database. Note: each figure depicts the association between the estimated probability of vulnerability across municipalities pertaining to the respective vulnerability category, 1 to 5 (as described in footnote 4 above). Total Agr Expenditure pc and Prob of being in each VAM cat
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The weak correlation between the two variables also holds when the five categories of food insecurity are grouped as either (i) moderate or better, or (ii) high or very high vulnerability to food insecurity ( Figure 6 ). When total agricultural spending (not in per capita terms) and vulnerability categories are compared, results remain very similar, thus confirming that scale considerations do not appear to drive these patterns (Figure 7 ). Tot Agr Exp and prob of being in each VAM cat Note: each figure depicts the association between the estimated probability of vulnerability across municipalities pertaining to the respective vulnerability group, that is, low (categories 1 to 3) and high (categories 4 and 5)
There are several possible explanations for the weak association between agricultural expenditure and vulnerability to food insecurity. One is that agricultural spending alone has a weak direct impact on the reduction of vulnerability to food insecurity in Bolivia. A second possibility is that composition effects within agricultural spending may not be captured through an aggregate measure of sectoral spending. The correlations between categories of agricultural per capita spending and VAM are -0.18 for restricted and 0.43 for extended agricultural spending, respectively (see Annex 2 for definitions of each category). This suggests that the composition of spending may be important for reducing vulnerability to food insecurity, and that the two categories of spending may be working in different directions, offsetting their individual effects (which would explain the weak correlation for total spending). A third explanation may be that higher agricultural spending is poverty-driven (i.e. it is a proxy for lower development levels) rather than a variable able to pick up impacts on vulnerability to food insecurity. Per capita agricultural spending correlates positively with malnutrition rates (Figure 8a ) and negatively with human development at the municipal level ( Figure 8b ). In addition to these simple correlations, the proposed econometric estimation strategy consists of predicting the probability of pertaining to categories 4 and 5 of VAM in a given year (V), determined by per capita agricultural spending, our key policy variable of analysis (A). Note that this analysis aims at understanding whether and how agricultural spending affects high and very high food insecurity risks. It does not answer the question of whether and how agricultural 8 Other explanation mentioned in the context of public spending and welfare levels in Bolivia, see Inchauste (2009), refers to the misalignment between central and local government decisions. Although our paper does not test explicitly this hypothesis, the enormous quantity of agricultural programs, not always clearly delimited in terms of objectives or responsibilities, may be consistent with Inchauste's explanation. spending affects the overall risk to food insecurity. 9 Implicit in this decision is the assumption that the ultimate policy objective related to food insecurity in Bolivia is to reduce high levels of vulnerability to food insecurity, rather than improving the overall vulnerability profile of the population (as that may not be enough to take the population away from a situation of a considerable insecurity risk).
The analysis of the effects of agricultural spending on high and very high vulnerability is conducted at a municipal level (for each municipality j). The covariates of interest in this study relate to agricultural spending by municipality, Aj, which is decomposed into multiple categorizations -i‖ of spending: restricted and extended; current and capital; and research and development, infrastructure, support, administrative and other. Equation 1 shows the estimated model, which follows a probit specification:
Where V j =1 if municipality j is categorized as VAM type 4 or 5; 0 otherwise; and F ( ) is the cumulative distribution function of the standard normal distribution.
The analysis clusters errors by municipality, which allows controlling for variation within each municipality caused by unobserved variables. Additional variations within departments that are not municipality-specific are controlled by department dummies D (depicted in probit specification in Equation 2).
Three alternative estimates of equation (2) are attempted based on the assumed inter-temporal relations of vulnerability and spending: (i) contemporaneous estimation; (ii) lagged estimation; and (iii) difference estimation.
Contemporaneous estimation
Equation (2) expressed in contemporaneous terms results in the following probit specification:
Results for 2003 are reported in Table 2 . Per capita agricultural spending of a municipality is positively associated with an increased probability of belonging to high or very high vulnerability to food insecurity. This association is statistically significant (Column 1). Both restrictive and extended categories of agricultural spending have a significant positive association with high or very high vulnerability, the former exceeding the latter (Column 2). There appear to be strong compositional effects by category of spending: investment spending has a positive and statistically significant association on higher vulnerability to food insecurity (Column 3), as does infrastructure spending (Column 4). The results also suggest departmentspecific effects: Cochabamba, Tarija, Santa Cruz, and Beni have a significantly lower probability of pertaining to high or very high vulnerable status compared to La Paz, once controlling for agricultural spending, a result that holds across specifications. Tarija, Santa Cruz, Beni and Pando have the lowest average VAM. In general, the direction and compositional structure of the association in 2007 is the same as in 2003, but the magnitude is much lower (Table 3) The results from both estimations do not provide a clear direction in the relationship between public spending in agriculture and vulnerability. It is possible-in fact, desirable-that public spending allocations are guided by levels of past vulnerability. Hence, endogeneity may be biasing the results. 10 Some categories of public spending, such as infrastructure, could be determined by levels of (or changes in) vulnerability. That is, reducing vulnerability would be one of the drivers of rural infrastructure spending decisions. On the other hand, vulnerability may or may not guide research and extension investments. Profitability, for example, may play a more prominent role in the allocation of such investments. Cumulative aspects may also be affecting such decisions. For example, only where previous investments in research and extension exist should further investments be expected-unless a critical threshold can be achieved, no investments will be initiated. In order to explore these issues, we proceed in sequential steps exploring two other estimation approaches.
Lagged estimation
We estimate the probability of pertaining to high or very high vulnerability categories in 2007 against spending in two past time periods: (i) levels of 2006 agricultural spending (Table 4) ; and (ii) levels of 2003 agricultural spending (Table 5) , allowing for potentially longer-term intertemporal effects. This is captured in specification (2'').
We find that 2006 agricultural spending effect on 2007 VAM is statistically significant and positive, as it was the case for the contemporaneous 2007 results, although the size of the association is larger (Table 4 , Column 1). Results also confirm a larger association of restricted vis-à-vis extended spending, similar to 2007. Although investment spending continues to have a positive and significant effect on VAM, the association of current spending appears to also be important and much larger. It is, however, unclear how current spending-mostly wages and salaries-may be related to vulnerability. Increasing current spending may be associated with a larger presence of civil servants as investment spending increases in most needed areas (pointing to a complementary rather substitutive nature between both types of spending). Other explanation might imply accepting a negative income effect on vulnerability associated with salaries of civil servants.
11 The one-year lag does not reveal important differences in the magnitude of the effects of the different functional classifications of agricultural spending vis-à-vis contemporaneous specifications. Infrastructure maintains its statistical significance and association with increased vulnerability, and there is a positive impact from spending in research and extension, which is the largest among all specifications and functional classifications. Department-specific effects remain unchanged with respect to 2007 contemporaneous effects. vulnerability and spending. The effect on VAM 2003 is found to be a statistically significant and positive factor of future agricultural spending. In other words, past vulnerability seems to affect agricultural spending allocations. Further work is needed to properly account for this potentially endogenous relationship. The preferred option, an instrumental variable approach, faces a number of difficulties, however. Finding good instruments is challenging, more so in this case, where many variables-including weather and geographic variables--are already used to update the independent variable, VAM. Furthermore, political outcomes and managerial capacity of a municipality are arguably not exogenous to either spending decisions or vulnerability to food insecurity issues. Interestingly, Faguet (2004) analysis of determinants of agricultural spending finds that neither municipal capacity nor institutional features (in particular, the supervisory extent of civil society) are significant factors. 11 We control for civil servant -density‖ as well as other variables capturing institutional public capacity in the robustness check section. We cannot, however, control for income effects associated with salaries and other current spending. 
Differential estimation
We further explore the inter-temporal effects of agricultural spending on VAM by controlling for an initial level of spending, A 0 (2003 level), and estimating the effect that the inter-temporal change in spending, ΔA (the increase between 2006 and 2007), has on the observed risk of 2007 food insecurity. We call that change ‗incremental spending‖. Hence, estimates in this section inform about the association between such spending increases and vulnerability changes over time. Equation (2''') introduces the new probit specification to be modeled:
The dependent variable takes the value of 1 when the municipality moved into or remained at a high or very high vulnerability status (that is, VAM = 4 or 5) between 2006 and 2007. Results show that 2003 spending still has a positive association with future levels of high or very high vulnerability (Table 6 ). It also shows that increases in agricultural spending between 2006 and 2007 are associated with reductions in vulnerability (Column 1). However, even though that association is statistically significant, it is negligible in size. This conclusion is robust to a non-20 linear quadratic specification of incremental spending (Column 2). This finding suggests that agricultural spending alone, although sensitive to high levels of vulnerability, does not have a substantial effect in the short run. Department-specific results remain very similar to those reported in previous specifications. Table 6 shows an interesting pattern of incremental effects. Evidence in Columns 2 to 5 show that the past levels of investment spending, in particular on infrastructure, have positive and significant relationship with high VAMs. Column 5 also shows that the effect of research and extension spending are statistically significant and working to reduce high VAMs (confirming the results in Table 5 ). Therefore, not only different categories of spending may have different associations on vulnerability to food insecurity, but also their long-and short-term effects may also differ. Annex 5 conducts robustness checks by including additional political and managerial controls of the municipality and further investigating the association of agricultural spending with specific improvements of vulnerability (as well as specific cases of vulnerability deterioration). Key messages do not change.
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Conclusions
This paper explores the reduction of food insecurity in Bolivia, adopting a supply side approach that analyzes the role of agricultural spending on vulnerability. Previous findings on the role of 22 public spending on welfare in Bolivia paint a picture of increasing allocation of resources based on needs without a strong effect in improving welfare. However, no study before had specifically analyzed food security and agricultural spending. Our results confirm that picture but also add some insights on the role that spending may have on reducing vulnerability. In addition, from a policy perspective, our analysis provides a number of relevant findings related to spending (and investment) decisions in a global context of increasing risks as food prices start to rise again.
First, vulnerability to food insecurity across municipalities, as measured by VAM, has on average been on the decrease between 2003 and 2007. However, this improvement has not been uniform, with only four departments exhibiting a moderate to low or very low risk of vulnerability (Tarija and the llanos departments).
Second, a simple correlation exercise suggests that increases in public spending in agricultureboth in absolute and per capita terms-are weakly associated with both decreases in high vulnerability and increases in low vulnerability to food insecurity. Both correlations do not appear to be strong, partly because of potentially offsetting compositional effects of spending and partly because agricultural spending alone may not be an adequate tool for significantly impacting vulnerability.
Third, our econometric results indicate that levels of public agricultural spending are positively associated with high or very high vulnerability. We interpret this to indicate that agricultural spending allocation decisions are driven by high or very high vulnerability levels. In other words, more agricultural spending appears to be destined to where it is more needed in line with previous findings in the literature for other sectors. This is confirmed through a number of specifications, including contemporaneous and lagged relationships between spending and vulnerability. This is particularly the case for restricted expenditures (those just on core agricultural spending, rather than rural development more generally), as well as for capital investments making a difference in terms of infrastructural improvements. This indicates the importance of the composition of public agricultural spending in shaping its relationship with vulnerability to food insecurity.
Fourth, there is evidence of important temporal effects of spending on the vulnerability to food insecurity. When considering levels, a one-year lag of spending appears to have a larger association on vulnerability as compared to a four-year lag. When considering the incremental effects of 2006-2007 spending, however, it is evident that the change in the levels of spending does not appear to be effectively associated with high vulnerability nor substantially deliver improvements in vulnerability status.
Fifth, there are department-specific effects, which may point to a more ‗regional' pattern of impacts of spending on municipal vulnerability. The valley departments of Chuquisaca and Cochabamba appear to be more likely to observe high or very high levels of vulnerability than the rest. For the altiplano Andean departments of La Paz, Potosi and Oruro, we find no specific effects once we control for spending. For the llanos departments of Beni, Santa Cruz and Pando and the valley department of Tarija, we find specific effects pointing towards lower vulnerability to food insecurity.
There are two main areas for further research that emerge from this analysis. First, the endogenous relationship between spending and vulnerability needs further scrutiny. Unfortunately, the very construction of VAM and its updating leaves very little room for the selection of strong instruments. Potential candidates such as weather shocks, political economy or managerial capacity of municipalities are already used in the construction of VAM or are proven bad candidates. A final consideration is the inclusion of relevant public spending in the analysis. Agricultural spending used in our analysis includes a variety of programs and projects that are not necessarily conceived to reduce food insecurity. Likewise, as indicated in the introduction, the Government of Bolivia considers other programs-such as cash and in-kind transfers-to be part of its strategy to reduce vulnerability. Future work will address the need to construct a precise classification of food insecurity related public spending. 
Multisectoral Program of Zero Malnutrition
The goal of the program is to eradicate malnutrition in children under two years of age. The program has been implemented in two phases. The first phase includes 52 municipalities; the second phase includes 114 municipalities. Municipalities are prioritized according to the Vulnerability Index Map for Food Security (VAM 4 and 5).
School Breakfast and Lunch Program
The program ensures the provision of nutritious food to school children and provides workshops for community awareness about the importance of feeding the population segments in order to reduce levels of malnutrition and improving school performance. The estimated specification is:
Where A j and D j refer to per capita spending by municipality, D are dummy variables capturing department, respectively, and V j refers to the vulnerability category from 1 to 5. 
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Annex 5: Robustness Checks
Differential estimation
We also explore the symmetry of the effects of incremental spending on vulnerability. Table A1 reports the results of past spending (in 2003) and marginal increases in the probability of meaningful decreases in vulnerability. By ‗meaningful' we consider changes in vulnerability categories that move a municipality from high or very high levels of risk in 2003 into moderate or low/very low levels of vulnerability in 2007. In other words, we include all improvements in vulnerability status except for those changes that simply move the municipality from very high to high levels of vulnerability.
Results change substantively with respect to the probability of moving into or staying at high or very high levels of vulnerability reported in Table 6 . Now, neither past nor incremental spending has statistically significant associations (Column 1), nor does even restricted spending seem to have an association on vulnerability reduction. Investment spending has no longer statistically significant effect, 13 and no single other category of spending is found to be significant either.
Department-specific results also change in terms of significance and signs. There is no department better positioned (controlling for spending) to reduce its vulnerability vis-à-vis La Paz, and three-Chuquisaca, Cochabamba and Santa Cruz-appear to be less likely to reduce their vulnerability to food insecurity than La Paz. This is certainly an odd group, as it includes the department with the highest vulnerability to start with, Chuquisaca, and one with one of the lowest vulnerabilities, Santa Cruz. These results are consistent with the scarce or negligible effect of spending on vulnerability found before: increases in the short run do not appear to be effectively associated with reductions in high vulnerability nor with improvements in vulnerability status. 
Additional Controls
This section reports the estimates from alternative specifications of Equation 2 that address two potentially important issues: scale effects and the inclusion of observable controls in the areas of municipal capacity and political issues. In all previous estimations, agricultural spending variables are expressed in per capita terms, in order to get rid of scale effects-that is, the possibility of vulnerability impacts are being driven mainly by the magnitude of spending rather than its efficiency. Estimations were also undertaken using total spending, thus capturing the effect of the actual total spending rather than per capita spending. Population of the municipality is included, as a separate control.
The results by and large confirm those obtained in per capita terms (Table A2 ). Increasing total expenditure in agriculture remains associated with a higher vulnerability to food insecurity; restricted spending has a significant positive relationship with vulnerability; and investment has a significant positive link with vulnerability, but unsubstantial in magnitude. These results are observed for 2003 (Columns 1 to 3) but not for 2007, where the associations of all categories of spending are statistically insignificant (Columns 4 to 6). The finding of distinctive long-and short-term effects (reported above in Table 6 ) is also confirmed for total spending as well (Columns 7 to 9). Past total spending is associated with higher vulnerability to food insecurity, but the 2006-2007 incremental change reduces vulnerability, although again negligibly. Evidence also suggests different patterns of long-and short-term effects by type of spending. Investment spending has the only significant incremental effect in addition to the significant effect of past total spending, which is again negligible in magnitude (Column 9). Finally, as acknowledged in the construction of the VAM, there are a number of additional controls that might affect the vulnerability of a municipality to food insecurity in Bolivia. We can conceptualize those factors in broad economic terms as demand and supply factors. Demand factors refer to individual, household and municipal characteristics that increase the demand for food, such as socioeconomic status of households, individual preferences, household composition and municipality demographics. Supply factors that may affect the capacity to provide food to satisfy its demand include agricultural production and productivity, available arable land, infrastructure (roads in particular), social transfers, climatic and demographic conditions, municipal capacity and governance and political economy considerations. An expanded single equation model for food insecurity vulnerability can capture those factors, Z jk , as presented in the probit specification 3:
However, a host of these potential factors are already used to annually update the probability of pertaining to each VAM category, such as urbanization rate, density of rural population, institutionally assisted births, schooling years, total per capita consumption, malnutrition rate, altitude, rainfall and a flood dummy. This limits the selection of possible controls in our analysis, as we cannot include variables used already to estimate the dependent variable. As a result, we focus on a variable capturing the capacity of the municipality C j , proxied by three alternatives: percentage of own resources used to finance investment expenditure budgets; the number of civil servants by municipality (in per capita terms); or the percent of executed vis-à-vis approved budgets. We also include a political economy variable, P j , which captures whether the political party in office at the municipal level is the same as the party in office at the national level (MAS); and S j ., which captures per capita social spending (in health and education) accruing to each municipality. All these controls refer to 2006, in an attempt to avoid a potential contemporaneous endogenous problem. Results suggest that neither political party in office nor density of civil servants have a significant association with vulnerability, after controlling for agricultural spending (Table A3) . Although both social spending and the extent of budget execution at the municipal level are associated with reductions in the probability of high vulnerability, their magnitude is rather small. Interestingly, in all cases, per capita total agricultural spending maintains a positive and statistically significant relationship with high vulnerability, with restricted categories of spending being more dominant than extended categories. Investment spending is not found to have a statistically significant relationship with high vulnerability.
